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Abstract 
Carbon capture and storage (CCS) is a potential CO2 emission mitigation technology for coal-fired power plants. In order to 
assess the mitigation effect, we carried out a comprehensive evaluation of coal-fired power plants with CCS by using the 
lifecycle analysis (LCA). Total 6 routes of coal-fired power plants with CCS were defined and studied in the paper. The results 
show that the CO2 emission of power generation dominates the total lifecycle CO2 emission; the indirect CO2 emission induced 
by coal mining and washing also accounts for a large part of lifecycle emission; CO2 emission of EOR is much larger than that of 
aquifer storage, which reduces the CO2 emission mitigation of CCS. 
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1. Introduction 
Coal is the dominant energy in China, accounting for 66.6% of China’s primary energy consumption in 2012 [1].  
Half of China’s coal was used to produce electricity by coal-fired power plants. The total amount of electricity 
generated by coal-fired power plants was 3.7 trillion kWh in China in 2012. As a rough estimation, China’s coal-
fired power plant industry emitted more than 3 billion tonnes of CO2 in 2012. 
The carbon capture and storage (CCS) technology has been developed in the decades, as one of the potential 
technologies for carbon dioxide emission mitigation. Because no commercial scale coal-fired power plants with CCS 
are implemented in China, the performance of which, especially the CO2 emission, should be evaluated by modeling. 
In this paper, we carried out a comprehensive evaluation of coal-fired power plants with CCS for decision-making 
by using the lifecycle analysis (LCA). 
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2. Methodology 
LCA, a kind of techno-economic analysis tool, is employed to quantify the various emissions, resources 
consumption and energy utilization in the whole lifecycle of products, processes or services. The so-called lifecycle 
is the whole process in which the product (or service) comes out from embryos, cradles to products, is consumed 
and eventually withdrawn from the market into the grave. Compared with traditional environmental impact 
assessment methods, LCA makes a comprehensive analysis and evaluation of pollutants emission during the entire 
lifecycle, not only during the production process.  
Now the LCA method is incorporated into the “ISO14040 series of standards on Environmental Management”, 
and the corresponding LCA standard is GB/T24040 in China. According to ISO14040 series of standards, LCA can 
be divided into four stages: goal and scope definition, inventory analysis, impact assessment and interpretation. Our 
research follows the LCA analysis process. 
3. Goal and Scope Definition 
In this paper, we study the lifecycle CO2 emission of coal-fired power plants with CCS. 
The whole lifecycle of coal-fired power plants with CCS includes six processes: coal mining and washing, coal 
transport, power generation with CO2 capture, CO2 compression, CO2 transport and CO2 sequestration (see Fig. 1). 
Three types of power plants are used for power generation: pulverized coal power plant with post-combustion CO2 
capture (PC-CCS), integrated gasification combined cycle with pre-combustion CO2 capture (IGCC-CCS) and Oxy-
fuel power plant (Oxy-fuel). Only CO2 pipeline transport technology is considered in the paper, because it is popular 
and economic for large-scale onshore CO2 transport. Two dominant kinds of CO2 sequestration technologies, i.e. 
deep saline aquifer storage (aquifer) and enhanced oil recovery (EOR), are adopted in our research. Therefore, 6 
routes of coal-fired power plants with CCS are defined in the paper, which are shown in Fig. 1. 
 
 
Fig. 1. Routes of coal-fired power plants with CCS 
We divided each process into three periods: construction period, production period and decommission period. We 
analyzed the materials consumption, energy utilization and CO2 emissions during each process, as well as products, 
i.e. power and heat. The LCA system boundary of coal-fired power plants with CCS is illustrated in Fig. 2. 
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Fig. 2. LCA system boundary of coal-fired power plants with CCS (E—Energy, Em—Emission, M—Material, RM—Raw Material) 
4. Inventory Analysis 
4.1. Coal Mining and Washing 
We obtained the fuel consumption information of the industry of coal mining and washing in 2012 [1]; 
Multiplying the fuel consumption by CO2 emission factors given by National Development and Reform 
Commission (NDRC) [2], we achieved the total CO2 emissions of the industry of coal mining and washing, i.e. 
245.11302 million tonnes (see Table 1). China’s coal production was 2.539 billion tce (tonne coal equivalent) in 
2012 [1], so the CO2 emission factor of coal mining and washing is 0.097 tonnes CO2/tce. Refer to the coal (Qar,net 
= 23.25 MJ/kg) used in this research, the CO2 emission factor of raw coal is 0.077 tonnes CO2/ tonne coal. 
Table 1. Energy consumption and CO2 emissions of the industry of coal mining and washing 
Energy consumption  Units: 10000 tce Unit: TJ Carbon content (tC/TJ) CO2 emission factor (t/TJ) 
CO2 emissions  
(kt) 
The raw coal 4738.86 1388817.70 26.18 95.99 133317.24 
Washed coal 145.36 42600.66 25.4 93.13 3967.54 
Other washed coal  286.42 83941.11 25.4 93.13 7817.72 
Coke 63.54 18621.67 29.5 108.17 2014.24 
Coke oven gas 15.83 4639.30 12.1 44.37 205.83 
Blast furnace gas 5.93 1737.91 70.8 259.60 451.16 
Other gas 1.93 565.63 12.2 44.73 25.30 
Other coking products 1.53 448.40 19.5 71.50 32.06 
Gasoline 24.03 7042.47 18.9 69.30 488.04 
Kerosene 3.18 931.96 19.6 71.87 66.98 
Diesel 313.25 91804.18 20.2 74.07 6799.63 
Fuel oil 1.27 372.20 21.1 77.37 28.80 
Lubricating oil 1.29 378.06 19.5 71.50 27.03 
LPG 0.09 26.38 17.2 63.07 1.66 
Other oil products 0.94 275.49 19.5 71.50 19.70 
 Wu Yujia et al. /  Energy Procedia  63 ( 2014 )  7444 – 7451 7447
Energy consumption  Units: 10000 tce Unit: TJ Carbon content (tC/TJ) CO2 emission factor (t/TJ) 
CO2 emissions  
(kt) 
Natural gas 49.92 14630.05 15.3 56.10 820.75 
LNG 0.39 114.30 17.2 63.07 7.21 
Heat 27.24 7983.23 / 110.00 878.15 
Electricity 1080.47 316653.34 / 278.36 88143.98 
Total                                                             245113.02 
4.2. Coal Transport 
China’s coal traffic and fuel consumption in 2008 are shown in Table 2. Multiplying the fuel consumption by 
CO2 emission factors [2], we achieved the CO2 emission factor of coal transport, i.e. 0.0404 kg/(t*km). We assumed 
that the average coal transport distance is 300 km and the turbulence dissipation is 1%. Therefore, the CO2 emission 
factor of coal transport is 12.24 kg/tonne coal. 
     Table 2. CO2 emission of the coal transport [3] 
The mode of transport Railway Waterway Highway 
Coal turnover /108 t*km 11395.20 7541.60 4831.60 
Coal shipments /108 t 17.81 6.01 27.03 
Average transport distance /km 640 1255 179 
Proportion 47.94% 31.73% 20.33% 
Energy consumption /(kJ/t*km) 240 148 1200 
Fuel 
Diesel (55%) 
Fuel oil (100%) 
Diesel (68%) 
Power (45%) Gasoline (32%) 
CO2 emission /109 kg 45.4 8.64 42.1 
Total CO2 emission /109 kg 96.1 
Unit CO2 emission /(kg/t*km)   0.0404 
4.3. Power Generation with CO2 Capture 
The main inputs and outputs of typical power plants with CO2 capture are shown in Table 3. The total power 
output is calculated based on the lifetime of 30 years and the capacity factor of 0.6. More detailed information of 
each power plant can be found in Reference [4] and [5]. 
Table 3. Main inputs and outputs of CCS power plants  
Items PC-CCS [4] IGCC-CCS [5] Oxy-fuel [4] 
Input Coal 440.3t/h 2097t/d 432.4t/h 
Limestone 6.20t/h / 6.1t/h 
MEA 1343kg/h / / 
Output Net power output 2×421.8 MW 178.2 MW 2×453.5 MW 
Net efficiency 29.7% 33.3% 32.5% 
Total power output during lifetime 133.0 TWh 28.1 TWh 143.0 TWh 
CO2 emission 99.5 t/h 16.74 t/h 96.94 t/h 
CO2 captured 1.1439 kg/kWh 0.991 kg/kWh 0.962 kg/kWh 
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We divided CO2 emission by the net power output of each power plant and achieved the direct CO2 emission 
factor. We also calculated the indirect CO2 emissions factor by multiplying the inputs (coal excepted) by CO2 
emission factors of material production listed in Table 4. Thus, the total CO2 emission factors during the operation 
period of CCS power plants are derived (see Table 5). 
Table 4. CO2 emission factors of material production 
Material CO2 emission factor  Reference 
Limestone 0.405(tCO2/t) Statistical data of China Nonferrous Metals Industry Association 
MEA 0.0265 (tCO2/t) [6] 
Cement 0.862 (tCO2/t) [7]  
Steel 1.9 (tCO2/t)  [8]  
Copper 7.932 (tCO2/t)  [9] 
Aluminum 4.47 (tCO2/t)  [10] 
Electricity 1.0021(tCO2/MWh)  [11]  
Heat 0.11(tCO2/GJ)  [2]  
Table 5. CO2 emission factors during the operation period (unit: kg/MWh) 
Items PC-CCS IGCC-CCS Oxy-fuel 
 
Indirect CO2 emissions factor 3.0 0 2.7 
Direct CO2 emissions factor 127.1 94.0  106.9 
Total CO2 emissions factor 130.1 94.0 109.6 
 
We can divide the PC-CCS power plant into two parts: the PC power plant and the CO2 capture unit. For the 
material demand during the construction period (see Table 6), we referred to Reference [12] for the PC power plant 
and the work of Koornneef [13] for the CO2 capture unit. Here, we simply assumed that the material demand of the 
oxy-fuel power plant is same as that of the PC power plant, while IGCC is 1.5 times. Also we assumed that the 
recovered materials during the decommission period is 70% of the material needed during the construction period. 
Multiplying the materials by their CO2 emission factors listed in Table 4, we obtained the CO2 emissions during the 
construction and the decommission periods. Then dividing the CO2 emissions by the total power output during the 
lifetime shown in Table 3,we derived the CO2 emissions factor during the construction and the decommission 
periods. 
Final, we achieved the total CO2 emission factor of CCS power plants, which is listed in Table 7. 
Table 6. CO2 emissions during the construction and the decommission periods 
PC-CCS IGCC-CCS Oxy-fuel 
Period Construction Decommission Construction Decommission Construction Decommission 
Power plant       
Cement/t 104791 0 74192 0 104791 0 
Steel/t 33872 23710 23981 16787 33872 23710 
Aluminum/t 803 562 568 398 803 562 
Copper/t 858 601 607 425 858 601 
CO2 capture unit 
Cement/t 1 0 1 0   
Steel/t 317 222 317 267   
Copper/t 7 5 7 5   
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PC-CCS IGCC-CCS Oxy-fuel 
CO2 emission /t 165740 -52786 117536 -37593 165080 -52326 
CO2 emission factor / (kg/MWh) 1.2 -0.4 4.2 -1.3 1.2 -0.4 
Table 7. The total CO2 emission factor of CCS power plants (unit: kg/MWh) 
Period PC-CCS IGCC-CCS Oxy-fuel 
Construction 1.2 4.2 1.2 
Operation 130.1 94.0 109.6 
Decommission -0.4 -1.3 -0.4 
Total 130.9 96.9 110.4 
4.4. CO2 Compression and Transport 
We referred to the work of Wang Yun [14] for CO2 compression, and referred to Koornneef’s research [13] for 
CO2 pipeline transport. The compression and transport information is as Table 8.  
Table 8. CO2 compression and transport information 
Parameter Value 
Inlet pressure /MPa 0.101325 
Outlet pressure /MPa 11 
Energy consumption of CO2 compression / (kWh/t) 111 
Transportation pressure drop / (MPa/km) 0.006 
Pipe length /km 50 
Pipe diameter /mm 1159 
 
During the construction and decommission periods of CO2 compression and transport, the CO2 emission of 
material production is 466 tonnes. Because the compressor power is 40 MW, the total power consumption of 
compressors is 210.24 GWh, and the corresponding indirect CO2 emission is 210681 tonnes. Basing on Wang Yun’s 
work [14] and the pipeline parameters, we derived that the power consumption of pipeline pump is 154 kW/a, so the 
CO2 emission of CO2 transport is 811 tonnes/a.  
According to Joris Koornneef’s research [13], we assumed that 0.03% of CO2 dissipates during transport. 
Therefore, the CO2 compression and transport process brings a CO2 emission of 1.81 kg CO2/t. 
4.5. CO2 Sequestration 
Based on Joris Koornneef’s research [13], we assumed that 6 injection wells with a depth of 1500 meters are 
employed during the 30-year lifetime. Using the same method above, we derived that the indirect CO2 emission 
during the construction and decommission period of CO2 sequestration process is 0.12 kg CO2 /t CO2. According to 
the study of Wang Yun [14], 1 tonne CO2’s storage causes 7 kWh electricity consumption. Therefore, the indirect 
CO2 emission caused by power consumption is 7.01 kg CO2 /t CO2. The total CO2 emission factor of aquifer storage 
is 7.13 kg CO2 /t CO2. 
Based on the study of Jaramillo [15] and Jitsopa Suebsirid, we assumed that the CO2 emission factor of EOR is 
62 kg CO2 /t CO2. The emission is mainly the dissipation emission of the CO2 recycling.  
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5. Interpretations and conclusions 
Based on the above analysis and the mass balance of CCS power plants, we summarized the lifecycle CO2 
emission factors of CCS power plants (see Table 9 and Fig. 3). 
Table 9. The lifecycle CO2 emission factors of CCS power plants (kg/MWh) 
Phase PC-CCS IGCC-CCS Oxy-fuel 
 Aquifer EOR Aquifer EOR Aquifer EOR 
Coal mining and washing 35.8 35.8 29.0 29.0 36.6 36.6 
Coal transport 5.7 5.7 4.6 4.6 5.8 5.8 
Power generation 130.9 130.9 96.9 96.9 110.4 110.4 
CO2 compression and transport 2.1 2.1 1.8 1.8 1.7 1.7 
CO2 sequestration 8.2 70.9 7.1 61.4 6.9 59.6 
Life-cycle CO2 emissions 182.7 245.4 139.4 193.7 161.4 214.1 
 
 
Fig. 3. The lifecycle CO2 emission factors 
The CO2 emission of power generation dominates the total lifecycle CO2 emission, accounting for 50% to 71.6% 
of the total CO2 emission. The CO2 emission induced by coal mining and washing is also a large lifecycle CO2 
emission source. These two CO2 emissions are inversely proportional to the power plant efficiency roughly. Because 
the IGCC-CCS efficiency (33.3%) is slightly higher than PC-CCS efficiency (29.7%) and Oxy-fuel (32.5%), the 
lifecycle CO2 emission of IGCC-CCS is smaller than those of the two others if they are combined with the same 
sequestration technology.  
The CO2 emission of EOR is more than half of that of power generation, and contributes about 30% of the total 
lifecycle emission of CCS. The CO2 emission of EOR is much larger than that of aquifer storage, which decreases 
PC-CCS      IGCC-CCS     Oxy-fuel       PC-CCS      IGCC-CCS     Oxy-fuel 
(Aquifer)      (Aquifer)       (Aquifer)        (EOR)           (EOR)           (EOR) 
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the CO2 mitigation of CCS. Whereas EOR is able to produce more oil, resulting in extra income and improving the 
CCS economy, EOR can be used as the technology options of early CCS demonstration. 
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